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Infornuition iy presented on the biology of Phvlucweophaga friogeani Riek (the leal-blister sawfly ), an emerging,
pest of plantanon and ornamental eocalypts n south-castern Ausiralia. The range ol eucalypl species attucked
Ihe extent of tree damage, seasonality, fecundity and lopgevily of P fragyati upe ipvestizated for popolations
i the Adelmde region. The hymenopreran parasiloids associated with P froggarti are reviewed, An illustrated
key to the 17 species cacountered in the Adelaide region i presented , along with notes on ther iatogy, elationship
with their host, and species recorded frour other parts of Australia,

Ky Worns: Phylacreaphaga froggant,. Pergidae, parasitoids. hyperparasioids. Bracomdae, Ichueumomdae,
Chaleididae, Ehwmidae, Encyriidue, BEulophidae. Evpelmidac, Pleromushidac

Inteoduction

Phylacieophaga  froggatti Riek, the leal-blister
sawlly, is u native leal-miming spectes that is generally
restricted in distribution to the south-eastern and south-
westerp parts of the continent (Riek 1955; Benson
1963; Farrell & New 1980; Curry 1981), Larvae toed
un i runge of eucalypt species by mining the mesophyll
layer between the upper and lower epidermis of large
leaves. This patern of feeding results in characteristic
oval or efbngate. brown bhisters, which are most
common on the lower brunches of young trees (Farrell
& New 1980; Nuttall 1985). Heavy infestations of £
frogzani cause substantial loss of photosynthetic ared,
resulling i stunted growth or death of [recs. This
damage 15 of maost coneern where large nombers of
saplings exist in a confined area. such us cocalypt
plantations, ormamental eucalypts in parks and gardens,
und pofted trees in autside nurseries.

In 1985 P froggarni was uecidentally introduced into
New Zealand where 1 has become a serious pest of
encalypt forests und ornamental trees (Nuttall 1985;
Kay 1986). This has led to the importation and release
of two species of braconid wasp from Australia in an
attempt to comtrol this sawfly biologically (Austin &
Fauldy 1989; Faulds 1990),

Given the pest stutas of £ froggarnty, relatively Trile
work his been undertaken on ity biology or that of 1ty
parasiloids, Other thun Lhe work of Farrell & New
(1980), who proyide a detailed account of some aspects
of the biclogy of B froggarti in the Melbourne area,
the species has reeeived only anecdowal atention
(Froggatt 1899; anon. 1950); Riek 1955, 1970; Moore
1966; Curry 1981; Naumann 1983; Bungey 1986).
Information on ity parsitolds 1s even nore limired.

b Deparpent of Crop Protection, Waike Campus, University
of Adelside. Glen Osmond, 5. Ausr. 5064

Farrell & New (1980) record some observations on the
development and mode ol parasitism for 1wo species,
Bracon sp. and Cirrospiluy sp. in the Melbonme area,
while other workers have simply listed the species
reared (Moore 1966: Curry 1981 Boutek 1988). Tn
these studhes no more than six specics have been
recorded and, with the exceplion of Boucek (1988),
the accuracy of species iden{ifications s questionable.
Morte recently, Austin & Faulds (1989) have deseribed
two species of Bracen that have been introduced o
New Zealand, while Faulds (1990) has reported the
release and establishment of these species and
discussed  their  potential  for  controlling
Phylacreophaga.

The aim of the present study is to document more
fully the biology of P froggatii, focusing on aspects
that have been largely neglected by previous workers.
At the smme time, detailed information is presented on
the large parasitoid complex associated with P frogeati
in the Adelaide region. An illustrated kev to their
indentification. as well as notes on their taxonomy.
biolagy #s either primary or hyperparasitoids,
immature stages and seasonality are presented a5 a
prelade to future studies on the ecology und possible
control measures of this emerging eucalypt forest pest,

Muaterials and Methods

bield siteys

Hucalypl trees infested with larvae and pupac ot 2
Jroggati were monilored at several sites in the Adelade
region, viz.. from the western codstal suburbs (Dover
Gardens), city parklands and adjacent suburbs (Sturt).
and Lobethal-Woodside drex (Adelaide Hills), between
August 1990 and July 1991, The first two sites comprise
mostly ornamental trees (immatures ol numerous
species) in parks und along roadsides, while the latter
site is semi-rurdl gnd comprises both ornamental trees
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and naturally growing trees in paddocks and along
roadside verges (mostly Lucalyptis eamaldulenyis, 10
eladocalva and E. lprcoxylon). The chirnate of the fist
o sites is very similar with average monthly
miaximiam and minmom lempetatores o 23907 and
149C, while the Lobethal-Woodside site has average
monthly maxims aod ooy of 219C and 8°C, The
aversge annual ramfall for these two areas s
substantially different (Adelwde SESoun; Lobethal
ABBmi).

Laboratary rearing

Infested branches. mostly of £, camaldilensis. were
collected from the field, placed i plastic bags and
velurned to the laboratory. They were placed in
conbiners of witler al oom tempentture or constant
20°C and P fropgan allowed o develop. Leaves with
[arvae, pupae and/or developing parusitoids were back-
lit with a#n ophical libre light 1o deterniine the exact
stages present and observe their development. Maost
parasitised and unparasitised pupae were separated into
5 cm dia, pldstic containers and allowed to complete
development. Once emerge, adult P froggalid and
parasitoids were kept alive by supplying them with o
sinear of honey and water via a saturated coton roll
pushed through the lid ol a small glass vial, Viegin
lermale P froggatti were sometinies isolated from males
as so00n s they emerged lo provide individuals for
lubvratory cxperiments.

Fecundity and longevity

Viegin female P frogearr! which had emerged over
4 24 hour period were held at constant 20°C with honey
anc witter supphied. Ten indiyiduals, rodomly scelecied
cach day, were measured for body length. killed in 70%
EtOH, squashed on g microscope slide and the number
of lully developed epgs counted.

To determine the longevity of P fingpani. adult
females were kept in 20 em diameter plasoc cages and
their survival monitored twice daily until all wasps had
died. Longevity was compared for ) virgin or mated
females, 2y with or without water and honey, and 31
at lve wempieratares (10, 15, 20, 25, 30°C) Ten females
thit had emerged within a 12 hour period were
rindomily selected from stock cages and transtereed o
experimental containers. Three replicates were run dor
cach of the abave 20 treatments, Honey or water were
not supplied during mating to those which wenl inty
the “no food™ reatments. Al cages were held wt 1212 §
photoperiod in lemperature cabinets with +0.5°C
temperature runges. The mean suryival fime for cach
trestment was  calculated  and  plotted  against
temperature, and the regressions analysed using
Z-tadled F-test,

Taxonony gnd scanming electron microscopy
Termmology lor morphological structures generally
llow Gauld (1984) and Gauld & Bolton (|988) for

ichneumonid and braconid wasps and Boucek [1988)
for chalcidoids. Where necessary, morphological
structures referred to in the key are indicated on the
figures. Youcher material of all species have becn
Indged m the Waite Cumpus nseet collection,
University of Adelaide,

Specimens for SEM examination were Killed snd
washed 1o a strong detergent solution before being
dehydrated i 100% EYOH and critical point dricd in
an Emscope CPD 2500 They were coated twice with
carbon and pold/palladium before being cxarmined
under # Phillips 505 Scanning Electron Microscope

Results and Observations

Taxonomy of Phylacteophagi

The taxonomy ol Phviacteophaga species s confused
and requires urgent study, Nominally, only one species,
F eucalypli Froggalt, 1% recogmsed which has been
divided into four subspecics (P e, encalypr, P e

froggarti Rick, P! ¢ tasmanica Rk and . e, occideny

Benson) hased on colout and size (Benson 1963). At
Teast two of these subspecies (2 e froggatei and F. o
accidens) occur sympatrically and may rherefore
represent distinct biological species (Nuumann 1983).
However. of the several hundred specimens reared from
leaf nunes by us during 1990-91 all belong to the one
colour form. that of B e, froggatti Rick (i.c. antennal
scape and pedice) and scutellum of fernale pale yellow
0 wrange-yellow). Furthermare, mating of field-
collected material in the lahorstory  wis always
successhul. supporting the prenuse that cither only one
species 1s present or one is dominant in the Adeluide
region. Because all recent suthors (e.g. Farrell & New
1980; Curry [981. Faulds 19900 have adopted species
level status for the subspecics B¢, froggarti, this
approach will be used here W0 save confusion.

Matirig,

In the ficld, males were often observed perched on
the dorsal surface of leaves with their body held at 45°
above the surface, in the vicinity of ovipositing or
resting females, or flying in small swarms of 5-10
individuals, elose 10 leaves where mating pairs were
perched Copulation is strophandous, i.e. male and
ferale are (oined end-to-end with the male genitalia
twisted through 180° (Gauld & Bolton 1988), In the
laboratory mting wok 2-3 minutes. Durlng copulation
the lemale stands with her wings tolded at rest, while
males have their wings spread m about 459 and
periodically fan them. Afier uncoupling, the female
immediately moves away and the wale remaing m
place, tapping its abdomen severul times on the leaf
surface betore fying off,
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Fecundity and ovipasition

The number of egps carned by viggan feinales ranged
from 57 1w 87, while egg number within these lirmits
was positively cotrelated with both age and size of
temales (r « 070and © =066, P<0035). On landing,
femnale P frogeatti move sideways over the surface of
a leal perpendiculas to the mid vein, with this
movement contnuy until an oviposition sife s
chosen. The female saws mto the leaf tissue for 510
sec. then remains Stalionary for 3-4 nun while
avipositmg. Al tus e the body and anteanae are held
at an angle of ahout 45° 1o the leal and o the mid v,
possibly 10 position the cee so that the larva hatches
in the direction rowards the apex of the leal, Onee
completed, the female rubs her ahdumen over the
position of the egg spot three or four times, poss:bly
i seal the hole, and then moves away. either staying
on the same feaf or moving to another leaf (o0 oviposit
Egps are geoerally Lnd close w the mid vem and along
the length of the leaf, but ot in the distal 20-30 mm
The small egg spots, about Q8 mm o dimeter. hrm
raised globulous structures (egg-galls) on the surface
of the Ieaf, The pumber of egg Spots per leal ranied
front 7-170, with numbers over ahout %0 reprexenting
the avipositions of more than one female,

Life-history stages

The morphology, colowr and size of the egg, larval
instars and pupa of P froggait are virtually idennical
to those deseribed by Farrell & New (1980). Briefly,
the egy iy flatened and oval in shape, measuring
0.75 = 0.5 mm. There are five larval instars. in the
femade and four in males, Tor the Adeliude population
females hid mean head capsule widths of .49 (1). D62
(1, 080 (11, LOL (V) and [25 mm (V) (n = 25
in each cuse). with males being virtwally identicil 1o
Jemate wstars -1V, These sizes are almost idenfical
1o those measured for the Melbourne population by
Farrell & New (1980), with the exeeption of female
inslar Vowhich averaged TOB mar o the latter study.
This diserepancy may be due to our selection ol larvie
from non-overlapping mines, where there was 1o
competition for food between individuals. At room
wemperature in the laboratory during fanuary and
Tebruary  (daily  wverage abouwe 23°C)  larval
developroent w cocoon yubiation (e including the
prepupil period) ook 1518 diays and the complete [ie-
eyele abour 30-35 days.

Pupation s preceded by a prepupal  stage.
distinguished from the last Jarval instar by a lighter-
calonred hed capsule. The prepupa moves away from
the tight perimeters of the mine o s more centeal
position where it begins to spin a thin ovoid cocoon,
Silk w4 kud down from mandibular glands as it swings
ity head from side 1o side. The cocoon 1y attached w
the mine Moot and the leal surface above by silk. and
forms an annuelus of credses o the blister ossue. 'The

period from cocoon nttelion o adult emergence wok
about eight days m the laboratary tor both sexes, Twa
to three diys after cocoon formation the prepupal
cuficle was shed revealing the eye spots and appendiges
of the developing popa. By the filth day the pups
bhecame pigmented, ol which smge the sex of
individuals could be determined by the eolour of (he
thotax and presence of the female ovipositor, (he thorax
al' maley betng black und that of females orange, The
pupa moulted on day seven o the preasdult suige.
which is charactensed by having all the features of o
fully formed adult. The body is completely pigmenied
and the wings. which begin 1o untold, are frequently
lanned within the mine to help them dry. On the eighth
day an oval-shaped hole s cul in the lop of the mioe,
and the wasp voids a green-grey mecomum just belare
exiting or immediately afierwands. [n the lubortory
approximately 25% of adults died after failing 10
emerge from their mine, This mortality was highest
lor leaves comaining multiple wdividuals.

Longevity and overwintering

To terermine the opumal holding coaditions for P
Froppart m the laboratary und determime the potental
for the specics 10 overwinter s adults, longevity of
Wiasps was Tnesstred dlovanous eperatires and
combinations of mated or unmated fernales, with food
and warer supplied or not. The regressions of mean
survival time against temperature were significant tor
the four combinations of virgin and maled femiles,
with and withowt food and warer supplied (Rig. 1). The
slope of the regression for females with food wits
significantly differcpt from those withont food and
water for both virgin (F = 685; d.1. = 2, 6: P<U08

Fue. L) and mated females (F - 474, d.0. - 2,5
PF<005 - Fig, Ib), but mating did nor gffect the
survival of the fermades for either of the Lreatinents with
(F =45 df. 2.5 P=005) or without food und
water (F = | 6d; ., = 2, 6; P=005). In Figure 1b
the dats Jor mated fnales with food and water supplied
al 10°C gre excluded becanse of the breakdown of the
temperature cabinet part way throngh the experimen,
The longevity of femules was increased when held at
lower temperatures and when water and honey were
supplied, but was not affected hy mating. 11 s nol
known whether both water and honey weve (esponsible
for the increase in the survival rate of the lemales, us
these factors were not tested separately, Possibly only
water is required to prevent females from desiceating,
and food s untnpartant for langevity. though it may
be necessary for increased lecundity.

The longest that adult females survived in the
laboratory at temperatires below 109C was 28 days
Hence, i} seems unlikely Ihat & froggatic Overwiniers
only as adults. A small number of oceupied mines was
lound on trees in coastal suburbs of Adelaide during
June and July. but at po ofher Siles, It seems likely,
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therefore, thal some pupae confinue develaping in
refuge areas until about mid winter and the subsequent
adults remain guiescent for the rest of winter before
ovipositing mfo leaves in late August or early
Seplemiber (see Fig, 2).

Mine developinent

First and 2nd instar larvae first mine towards the
distal end of the leaf tollowing [he direction of the
venabon, bur as they grow with each subsequent moult,
the mine becomes progressively lurger and circular or
ovitl in shape. As observed by previous authors (Farrell
& New 1980 Nuttall 1985; Kay 1986). mines generally
{ollow along the mid-vein of the leaf and, when more
fhin one Tarva is present, their mines often merge so
(hat almost the whole leaf can become blotched. The
largest number of larvae observed to complete
development an a single large leaf was 21, so thal.any
remaining eges from the large numbers of ovipositions
(see ghnve) either died beforehand or were ealen by
the Ffirst emerged larvae. Leaves supporting more than
about 10 larvae often resulied in smaller adult wasps
comnpared with leaves supporting lfewer lafvac. Other
authors (Farrell & New 1980, Curry 198]) have
repotted Phvlacteophaga as confining its development
only 1o the op surface of a leaf. This was confirmed
here for cuculypt spegics that haye differently wextured
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dorsal and ventral surfaccs, but tor species with
isolateral leaves (ie. identical surfaces on leaves
hanging vertically), mimng was carried oul on either
side, somenmes resulting in individoal karvae being
separated only by the interpal venation of the leaf.

Damage 100 1rees

The levels of damage varied between infested trees
and between ndividual sies, possibly because of
differencey in the lree species present, their size, age
and health Quantifying damage for these variables was
beyand the scope of this study but casual observations
It the field allow for some useful generalisations to
be made. Trees which supported large numbers of P
Sroggarti mines were simmlar in several respects. they
wete usually smull (<4 m tll), were often situated
on radsides, carparks, parklands or isolated grotips
in paddocks, and were usually shelfered to some degree
from westerly winds, Possibly sheltered localities
prevent adult wasps (rom being blown away from their
host plant, since they are not strong Tliers, Trees that
became heavily damaged appeared healthy m the carly
stages ol atck, 10 that they had dense lush foliage and
did not appear 0 be stressed. As reported by Farrell
& New (1980), damage is more severe towards the base
of trees. particularly on low hanging hranches. The
Apex region 1s usually not attucked | especially for ireey
dhave 4.5 m in height. In some suburban dreas, where
lhere were many young frees of the same species (1-2 m
in height). damage often reached very high levels,
causing leafl shedding and sometimes death of saplings.
Well-cstablished trees (=8 m high), were [ar less
frequently altached and, il so, were usually in close
proximity 1o heavily infested young trees. Mines on
such trees were generally confined to low hanging
branches with senu-mature leaves.

Hosi range

The range of tree species attacked by Phylacieophaga
spp. was compiled by reviewing previous studies. uy
well as surveying a wide range of trees in the Adelade
region during 1990-91. Trees in open situations,
nurserics and gardens were examined, with those in
the Talter two areay being used o contirn specics
indentification. The data presented in Table | show
that ar least 27 eucalypt species arc susceptible o atack
bath in Australia snd New Zealand. with most of these
records being altributable w P frogeart. In Australia
the most widely nfested species are Eucalypruy
borrvoldes, E. camaldulensis, E. citriodora, F
cladocalyx, E. ficifolia, E. plobifus and E. grondis
Also, seversl non-eucalypr species hiave heen reportd
as hosts, but there is some doubt s 1o the accuricy
of at least some of these accounts as they have mostly
nat been confirmed sinee the initial reports.
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Parastioid species

Over the period of this study 17 species of
hymenopteran parasitoids were associated with P
Srogeari. A list of these species and summary of their
biology is presented in Tuble 2. und a key to theuwr
identification given in the Appendix, Eleven species
were pritpary parasitoids of either the larval or pupul
stages. Three were confirmed as facultative
hyperparasitoids  (Elasnus  australiensis - Girault,
Cirraspilus margiscutellum (Girault) and Eupelmus
sp.), while three have not had their biology conformed
(Larivphagus sp.. Pediobius sp. and Chrysonotomyia
sp. 2). ‘The species in this latter group were not
positively reared from P, froggatri. but rather emerged
inw rearing containers with eucalypt leaves infested
with host larvae. There is a possibility that these species
had come [rom other leaf mining hosis, though none
of the later was seen atter caretul inspection of the

0%

leaves. 1t is likely, therefore, that these three species
are parasitoids of P froggari, but further study is
required fo confirm this.

Seasonality of Phylacteophaga froggati and ils
purusitoids

Fortnightly field excursions from August 1990 to July
199] to collect P froggai and parasitoids were uscil
to determine the approximate seasonality of the species
involved in the Adelaide region. Egg spots and early
mine intiation were first cvident on trees in the
Adelaide Plains in late August 1990 and pupae and
preadull stages in inines were present up until late May
1991, A few occupied mines were found in June und
July on several trees, only In the western (coastal)
suburban areas, Although relative abundance of species
wits not determined, it was clear from the number of
infested leaves and trees that P froggati is most

TABLE V. List of tree species which have been recorded in the literamre and during Ihi\‘ stady as susceptibfe 10 damage
hy Phylacteophaga spp. (sources of formation are as follows: 1, Anon. [1950] and 2. Moore [1966], coustal N.SW: 3,
Rick [1955] and 4, Farrell & New [1980], Melhourne region, Vic.; 5, this project /199().911 Adelaide vegion, S.A.; 6, Curry
J1981], Perth region, W.A.; 7. Nunal J1985] and 8, Kay [1986], New Zealund: sources 3-5, 7 and S are for thl.«.leuphdua

frozpani).
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TasLE 2. Summary of the relatiouship between Phylactcophaga [roggatti and its parasitoids in the Adelaide region

(— = information not available; pa = preadult).
Stage of Solitary (S) Endoparasitoid (N) Primary (P)
Species of P frogeani or or ar
Parasitoid Family attacked Gregarious (G) Ectoparasitoid (C)  Hyperparasitoid (H)
Bracon confisus Braconidae larva; pupa S c P
Bracon
phylacteoplags Braconidae larva; pupa S C P
Faraphylax sp. Ichneumonidae pupa S C P
Brachymeria sp. Chalcididae upa S N p
Elaymuy australiensis Elasmidae Tpupa S C P: H
Apleurotropis sp. Eulophidae larva G N P
Chrysonotomyia sp. 1 Eulophidae larva G C p
Chrysonotonyia sp. 2 Eulophidae - - - -
Cirrospilus
margiscutelium Eulophidae larva; pupa; pa S C P; H
Cirrospilus occipitis Eulophidac pupa S cC P
Cirrospilus sp. 3 Eulophidae larva S: G C P
Cirrospilus sp. 4 Eulophidae - S C P
Cirrospilus sp, 5 Euviophidue pupa S C P
Diaulomorpha sp. Eulophidae larva; pupa G C P
Pediobius sp. Eulophidae - = = -
Eupelmus sp. Eupelmidae pupa S C P: H
Lariophagus sp. Pteromalidue - = = -
1990 1991
A S o N D J E M A M J J

Phylacteophaga froggatti

Adelaide Plains @~ 00| @ —m—me— e oo - - a
Adelaide Hills

Parasitoids

Bracon confusus

Bracon phylacteophagus

Paraphylax sp. .

Brachymeria sp. -

Elasmus australiensis -_—

Apleurotropis sp. —_—

Chrysonotomyia sp. 1 .

Chrysonotomyia sp. 2 .

Cirrospilus margiscutellum

Cirrospilus occipitis

Cirrospilus sp. 3 j——

Cirrospilus sp. 4

Cirrospilus sp. 5 .

Diaulornorpha sp. ——————

Pediobius sp. *

Eupelmus sp.

Lariophagus sp. .

Fig. 2. Seasonality of Pliylacteophaga frogganti and its parasitoids in the Adelaide region for 1990-91, determined by the
presence of larvae and pupae in leafmines.
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numerous at sites on the Adelaide Plains fronm about
carly December (o lae March (Fig. 2). and that there
are three, possibly four, peaks in numbers over the
pertod September 0 March. In the Lobethal-Woodside
dred (Adelaide Hills), targest numbers occurred slightly
fater, from about carly January o kite March, with epgp
spots und mine initiaiion nob appearing untl laer
Nowvernber. presumably because of the cooler aveiage
ewiperatires there compared wirh the Adelaide Phuns.

Of the 17 species of parasitoids, six were enciuntered
over o penod of two months or more (e, Bracon
pinlacreophagus Austing, Clrrospilus margiscurellnm,
' accipitis Girault and Cirvospilus sp. 4, Bupelmas
sp undd Diaulomorpha sp. (Fig. 2), and of these (o
descending  order) € margiscurellum, B
pinlacreophagus, Eupelmus sp. and Diaolomorpha sp
were reared tn the largest numbers. No parasilised
lwsts o parasiloid pupae were und n inines duting
July and  Angust, though two adult female B
phvtacteaphagus and one (. margixcatellum were
located i old mines during this time, indicating that
these and possibly all parasiloids in the ! frogealii
comples overwinter quiescently as adults.

Levely of parasitism

Collections of mined larvae dunog January and
Eebtuary 1991 enabled assessment to be nude of the
levels of parasitism in the field «t three sepurate sites,
viz., lLobethul (Adeluide Hills), Sturt and Dover
Gardeos (Adelaide Plains) (Table 3). These data show
a large range in the level of paraswism of P freggaantti
(13,6 10 60.3% ). and in all cases €. margiscutellivm was
by far the most important parasitoid, Other parasitoids
coniributed 0 o 11.5% of total parasitism, ol whch
B phvlacteophagns was most common. These data.
however, represent a minimum estimate of pereenfuge
pariebis, particalarly for e St saople. wheee
[rogeant were mostly represented by carly ife-history
stiges when collected , 5o thit those samipled could lave
been parasitised if left in the field, Becavse O
margiscutellum s capable of paralysing and leeding
on all swges of P froggamn from carly instars to the
preadult stage, un estimate of the maximum poteniial
parsitis wis obtaned by adding the measured level
ol parasitizm with the proportion of hosts sull viable,

Biology af parasiiond species

Family Lehneumomdae
Paruprhylax sp.
FIG. 5

There are more |han 50 recognised  species ol
Paraphyiex from Australiv. the majority of which are
undesceribed (Guauld 1984). Where their biology i
known, they hive been recorded mostly ws prinary

cotaparasitojds and hyperparasitods of lepidopteran
hosts, The single male specimen reared here in March
1991 15 an ccroparsitoid of P froggant larvae. It belongs
10 the covax species-group, and 15 probably the same
species as that recorded by Gauld (1984) from F

[fragpatti a south-castern Australia. Being the only

ichneumonid in this purasitoid complex, Paraphylix
spoeam b easily wenrilied by ils charaeteristic wing
venalion,

Family Braconidoe
Bracon confusus Austin & B phvlacteophagus Ausiin
FIGS 3, 4, 6

Both  these speciey are solitiary promacy
ectoparasitonds of third instar Lurvae o early stage
pupse of B fropeant (Yable 21, 8. phylacteophagies was
the more commonly encountered species of the twi,
and was tound associated with its host for the same
penod that occupied mines were present in the field
(September o May), B confists was colleeted for only
4 short period duning December-January, The hiology
of these speeies has been discussed by Austin & Faulds
(1969) and Faolds (1990 and only obsesvations
vomplementary to those given by these authors are
presented here. Pnor o 1989, (eferences o Brucon
assaciated with Phylacteophaga did not recognise the
presence of two sympatrieally occurring species.

B. confusus and B. pliylecteophagus eviposit one egg,
rirely two. in a mine, ither pest (o or oato the surface
ol the host. The host larva 18 paralysed at oviposttion,
thereby allowing the secure dattaschment of 4 newly
emerged Brocon larva in the absence of an active host
which nornully whips its abdomen about when
disturbed. Late stage Bracon laryae are sasily
distinguished from other parasitoids by their large s1ze-
dorsal ampuliae and covering of long hairs, but they
are identical 1o each other, Confrary (0 the lindings
of Farrell & New (1980}, most larvae which we gently
dislodged from a host with a fine brush did not die,
but rather successfully reattached themselves. When
feeding is completed, Bracen larvae normally moye
away from their host before commencing cocoon
construction hut necasionally pupate inside their hiost's
pupil cocoon. When spun away from a host pupi,
Bracon cocoons often have loose frass and moulted
cuticles incprpornted into their sitk matrix. They are
white in colpur, ovoid in shape and measure uboul
70 % 1,3 mm, The confined prepupa deposits a
meconium at one end of its cocoon and then bunches
e the opposite end <o that e occupies only aboul
hall” of the internal space. Adults emerged in the
laboratory. 11-12 days after the commencernent of
cocoon construction. Adult B phviacteopfuaguy held
at comstant 15°C were still alve after 68 days and
individuals were observed 10 feed on the honey and
water provided
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Along with Paraphylax sp., B confusus and B.
phylacreophagns can be easily recognised by their
relatively complete venation and large size (<3 mm),
und  fhe species separated by their colour and
differences in pilosity.

Farmly Chaledidue
Brachymeria sp.
FIG. 7
This genus is 4 moderately large genis in Australic
comprising  primary  parasitouds  apd - obhgatory
hyperparasitoids of the pupae ol @ greal range of
holometabolous insects, but particularly Lepiduptera
(Boutek 1988). The species recorded here wus
reared from several pupae ol B froggalli during one
week in December 1990, Brachymerta sp. is casily
identified by its small robust form, enlarged hind
fermur, elongate postmargimal vein, and densely
punctate dorsal mesosoma.

Family Eupelmidac
Eupelmus sp.
FIG. 8

This species was generally reared as a solitary
primary parasitoid from the pupal stage of its host, but
on  several occasions was  also found to bhe
hyperparasitic on smaller conspecific larvae and those
of several other undentified parasitoids. Mature larvac
can be identified from the other common parasitoids
in mines by the presence of dorsal ampullac and dense,
long hairs on the thoracic segmenls. Eupelnus sp. was
reared from P froggani from mid summer to mid
autumn. Adults can he separated {rom the other species
in lhe complex by the presence of a greatly enlarged
mesopleuron. exposed ovipositor, and form of the wing
venation.
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Family Elasmidae
Elasmuy australiensey Giraull
F1G, 9

This species was reared either as a solitary primary
cetoparasitoid or hyperparasitoid of . frogeattt during
December and January, Previous reports {Riek 1967;
Austin & Allen 1989; Allen 1990) have recorded thiy
species as  being  pregariously  hyperparasitic on
ichneumonid pupae assoerated with the lepidopteran
defoliator Uraba lugens Walker, Tt can be readily
identified by its large disc-shuped hind coxa, creum
coloured legs with black hairs and spines. and
distinctive criss-cross pattern of black hairs on the hind
tibia, See Rick (1967) for additional taxonomic

information and st of synonyms.

Family Preromalidae
Lariophegus sp.
FIGS 10, 11

Accurding 1o Boutek (1988). this small genus is
represemted in Australia only by L. distinguendus
(Foerster), a cosmopolitan parasitoid of beetles
associated with stored grain. The single specimen
reared here was removed in early February 1991 from
a B froggani mipe that did not contain any other
parasitoids or other potential hosts, Given the paucity
of biological informaton available on this genus we
are unable to speculate further on this species
However, given that 4 dead P froggatti larva was the
only other oceupant of the piine, we have assumed that
Lariophagus sp. s either a primary or hyperparasitoid
on it. This small nondescript species s the only
pteromalid in the parasitoid complex and it can be best
identified hy the presence of five tarsal segments and

six funiele segments of the antenna.

Figs 3. 4. Dorsal view of the head of § 8Sracen sppc 2 Sracon phviacteophuguy Avsting 4, Bracon confisus Austin

Seles = 250 .
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Family Eulophidae
Fedivhiuy sp.
F1G. 12

Meambers of Ihis genus are known (0 be primiry aid
hy perparasitoids of eges. pupae and sometimes larvae
of various yrsects, mainly of Lepidopterd, Coleaplers,
Diptera and other Hymenoptera, with several species
being reported as atlacking leaf-miners (Brulek
1988). An umdentified Fediobiys species 1s
hyperparasitic on UL Jugens (Austin & Allen 1989,
Allen 1990), the latter occasionally appearing on the
same host plants as P froggani. However. vatiation
in sculpturing on the scutellum indicates thut the
Fediobins associated with these two hosts are diffirent
species,  Previously, £ bruchicida (Rondam).
gregarions species (Boucek 1988), has been Tound as
4 hyperparasitoid on B phyvlacteophaguy in New
Zedland (Faulds 1990), and this species resembles
closely the single specimen recorded here. Pediobius
sp. was redared in a container from a number of leaves
mined in late December 1990 Inspection of these leaves
revealed Lhe presence of no pther potential hosts. Like
Aplewrotropis sp. and Diawlomorptha sp.. this specics
cin be identificd from others in the caomplex by the
presence of several long hairs on the seuturm and
seutellum, and the posterior  expansion of the
seutellurm. In addition to the characters in the key. it
cian be separated Trom Aplenrotropiy sp. by the uhsence
of 8 posero-mediol sulcos on (he scutum and from
Dianlomarpha sp. by the very distinetive colour of (he
latter species.

Apleurcdropiy sp.
F1G. 13

This genus has previously been revorded as emerging
lrom ¥ frogeattd mines (Rick 1935, Farrell & New
1980), with Boucek (1988) listng A wnnotiperns
(Giirault) ay parasitising £ ewcalypie in the Melbourme
arca. Material reared over a three week period in
December 1990 here confirms that this &pecies is
gregarlous, with the larvae probably being
endoparasilic, as holes were found in fhe body of the
host next w the parasioid pupae, A single mmuie of a
late stage P froguand lacva was found o confaig 12
parasitoid larvae and pupae, of which most completed
development i the laborawry.  Compared  with
Pediobins sp.. this species can be easily recogmsed
by the presence of 4 large posiero-medial sulcus on
the scutum: (see above),

Diavlormorpha sp.
FIGS 14, 15
Thys gregurious primary ecloparasiboid allacks Lhe
larvae and pupac of P froggani. with ap (o 10
patusitows betng recorded fron i single mine. Artoum

lemperature most individdals i g single mine energed
within 13 days after the commencement of pupation,
Matire larvae can he easily recognised (rom the other
cummon parssitoids i the complex because of their
pregarious behaviour and absence of dorsal ampullae.
Adults can be recognised by their metallic green-gold
colobr, while legs aad fight brown antennge (see
comments under  Fediobius sp.). An apparently
vadeseribed species belonging 1o this genos has been
recorded from Phviacteophaga mines in Western
Avstralis wnd elsewhere in Australia (Boucek 1988),
and this may be the same species as reared here.

Chivsenproniyia sp, 1 and sp. 2
FIGS 16, 17

According 10 Boulek (1988), members of this
mediuiesized genus of wbout 40 deseribed Austrihan
species, develop in the eggs or voung larvae of leaf-
miming and gall-forming Diptera and Lepidoptera,
Virtually no biological inforiation s available for any
Australian species, excepl lor one reared lrom Perthida
glyphopa Common (jarrah leaf-miner) in the warmer
regions of the Darling Ranges and coastal regions of
south-wesl Western Australia (Mazanee 1988). 1t is a
soliary endoparasitoid most frequently of the 2nd and
Ard nstar larvae,

Two pecies belonging o this genus have been
associated wath B froggatte in the Adelaide region.
Chrysonaromyin spo | was reared as a gregarious
promary ecloparasitond of a single late stage larva of
F frogeatti collected at Lobethal in March 1991, while
two specimens ol Chrysonatonyia sp. 2 were reared
anly from mined leaves in February 1991 collected al
thie Dover Gardens site, and thercfore are only
lentatively assumed 0 be parasite on thls host,
Although very small in size (about 1 mm in length).
these 1wo species ean be separdted from the other
culophid generd in the complex by the antennal funicle
being only 2-segmented and the scutellum lacking a
submediual groove, They can be separated from each
other by the form of the wing venation aund their colour.

Crrrospihes margeseniellivm (Girauin
FIGS I8, 19, 22

Cirrospilus s o large and taxonomically dilficuld
penus of soall often brightly paterned wasps whieh
are well-known primary and  hyperparasitoids of
cucalypt leal-mimng insects. Two deseribed species
e previansly been reared from Phvlacteophaga spi.,
vid,, O mareiscurellum (Girault)  fropt Western
Australia and € pecipiiis Gimalt from N .SW,
(Boucek 1988), while undelermined species haye been
reared from P! froggam in Melbourne by Riek (1955)
and Farrell & New (1980) und m Western Australia by
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Tamt 3, Morraltry of Phylucteophaga froggaut ay revealed by collections made during Janwary and February 1991, from
Lediethaf where trees were 1n velatively early stages of ultack, ane from Sturt and Dover Gardens where trees had been
heavily attacked during the preceeding weeky (— = information unavailable),

Collection Sites

Lonethai Sturt Dover Gardens

Total number of mines examined | 434 %99 410
% already emerged - 1510 0 12
Viuble P froggarti
% larvae, pupae & presduls. oo 1358 79.6 63
Cause of Death Unknown
% larvae and pupae ..o 10,1 - —
T 1T e 10.6 - -
% Total 2.7 18 200
Parusitisn
Yo purasitized by

Cirrospilus margiscwellam . 13.8 15.5 0.7
% parasitized by Bravon spp. 1.6 Al 0
% purasinzed hy others . 0.2 11 0
% Tokal parasitesm . L 15.6 16.6 60.7
% max. polential parasitism ... 20.4 96.2 67.0

Curry (1981), Clearly, at least some Cirrospilus spp.
are widespread in Australia. Here we record C
margiscuiellum from the Adelaide region and .
occipiris from Perth (material in ANIC) for the first
time, indicating that these species are distribuled across
the southern part of the continent, at least,

C. margiscatellem was by far the most commonly
reared parasitoid associated with £ froggani in the
Adelaide regipn (Table 3), and was present in mines
for nearly the whole fime that host Jarvae and pupae
were available (late Seprember to late May). As shown
hy Farrell & New (1980), laboratory observations
confirm 1t to develop as a solitary primary parasitoid
of third instar larvae w lae stage pupse, as well being
hyperparasitic, in the Adelaide region, on the larvae
of Bracon spp., Eupelmus sp.. Diaylomorpha sp. and
simall congpecitic lurvie oceurring m the host mine.
When multiple P fraggatri were found in mines, with
some parasitsed by Bracon spp.. the latter appeared
Lo be preferentially parasitised by C. margiseute!fim
ruther than unparasinsed primary hosts.

Usually only one Cirrospifus larva was found feeding
on 4 host and generally it did not confine ils feeding
to one feeding site, as indicated by numerous dark
melanised spots found over the host's integument. In
the laboratory, <. margiscutellum held at room
tlemperature took 16-17 days to complete development,
once cmerged from the egg. Mawre Cirrospilus larvae

could be recogmsed [tom those of the other common
parasiloids in the complex by the absence of long sclae
over the body and the presence of ampullae on both
the dorsal and ventral surfaces, The larvae of different
species of Cirrospilus could not be separated, Adults
of Cirrospiluy spp. can be distinguished from other
eulophids in the complex by the presence of &
submedial groove on the scutellum, submarginal vein
with at least two hristles. and their metallic and/or
striking colour patterns. C. margiscutellum is the only
member of the genus in this complex 1o have the face
with transverse black bands.

C. oceipitis Girault & Cirrospilus sp. 3-5
FIGS 20, 21, 23-26

Four other species of Cirraspilus were reared from
F. froggai/i mines, all of which are solitary primary
ectoparasitoids, with the exception of Cirrospilus sp.
3 which was found to be gregarious. C. oceipitis and
sp. 5 were observed to feed on host pupae. and sp.
3 and sp. 4 on the larval stages. C. occipitis and sp.
4 were [ound in mines over the suromer months, early
December o late March, and early January to late
March, respectively, while sp. 3 and sp. § were
recorded from only a few samples in one week in early
March and late March, respectively. The live species
encountered here can be separated relatively easily by
their distinctive colour patterns.

Figs 5-9, 5-0, Fore and hind wings: 5. Paraphylax sp., 6. Bracan confusus Austin. ¢ 7-9. Lateral view of whole body:
7. Brachymerio sp.: 8, Eupelmus sp; 9, Elasmus anstraliensis Girault, Scales: Figs 5.6 = 1.0 mim; Figs 79 = 0.5 mni.

Abbreviations: bu = bullac: he =
vein; kv = stigmal vein.

hind coxa; hi = hind fenur, mp = mesopleuron; pp = prepectus, pv. = postiarginal
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Figs 10-17. 10-11, Lariophagus sp.: 10, antenna; 11, hind leg: 12, Pediobius sp., dorsal view of mesosoma and metasom;
13, Apleurotropis sp., dorsal view of scutellum, propodeum and metasoma; 14-15, Diaulomorpha sp,: 14, antenna; 15,
hind leg; 16-17, Fore wings: 16, Chrysonotomyia sp. 1; 17, Chrysonotomyia sp. 2, Scales: Figs 10, 14 = 0.5 mm; Figs
1, 15 = 0.5 mm; Fig. 12 = 0.5 mm; Fig. 3 = 250 pm: Fig. 16 = 200 um; Fig. 17 = 0.5 mm. Abbreviations: ¢l = clava;

¢v = cubital vein; I = funicular segments; pe = pedicel; sc = scape: smv = submarginal vein.
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Figs 18-26. 18-19, Cirrospilus margiscutellum (Girault): 18, fore wing; 19, anterior view of head showing transverse banding;
20-21, amennae: 20, Cirrospils occipits Girault; 21, Cirrospilus sp. 4: 22-25, Cirrospilus spp., dorsal view of mesosoma
showing colour pattern: 22, Cirrospilus margiscutellum (Girault): 23, Cirvospilus oceipitis Girault; 24, Cirrospilus sp.
3: 25, Cirrospilus sp. 4; 26, Cirrospilus sp. 5. dorsal view of mesosoma and metasoma showing colour pattern. Scales:
Figs 18, 19 = 0.5 mm; Figs 20, 21 = 200 um: Figs 22, 23 = (.5 mm: Figs 24, 25 = 250 pm; Fig. 26 = 0.5 mm.
Ahbreviation: sg = submedial groove on sculellum.
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Key 1o the parasitoids of Phylacteophaga froggatti

|

=

fir the Adelaide region (based nn females)

Fore wing with more than one enclosed cell (Figs 5, (u
prepectis absent . L. 2
lmrc wing with no more than nne cnclmcd u:ll (Flgh
7, 16-18); prepectus usually present (Figs B 9. samiclines
uhwcm (Fig. 70 (Chaleidondey) ... ... .. . 3
Fore wing with vein 2meu  present hmd wing
with vein e oniceling Ry after Rs diverging from
S¢ + R tFig. 5 (Ichneumonidae) | fore wing with twa
bullae 1 2m-co (Fig, 5), mesosculum sowmlh s
unsculptured! a0 Faraphviie sp
Fore wing with vein 2meu nb\enl hind wing with vein
r-m mesting Rs before Ry diverging from Sc + B
(Fig. 61} (Bravonilae) o o8] Py |
Vertex, veciput and temples nlmﬂlv hmﬁew oxeept
lur row of short hairs amuml margin ol eyes and
postenor vertex  (Fig. fopodeum  black
anm plw welvuphaeus Austin
V«ma -Junpu' snd temples sparsely covered  wilh
long  hairs (Fig. 4y propodeunt oringe-yellow
o Bracew ronfusuy Austin
Hmo lt'mur anarncy.t and wiih teeth pnventral edge (Fig,
7); prepectus very small, vinvally absent (Chaledidue)
|malar suiure dikhinet. postmargingl vein longer thin
stigrmal v (Fig. 7): propoedum with rough atveolale
asulpmnn i~ -. < -Brachymeria sp,
Iind fomur not cnlurgui ,md wnhouv teeth (Figs 8, ll)
prepecius distinet tFigs 8, 9) .

. Mcsopleoran greally onlarged, convex, developcd nto

4 large undivided shield (Fig %) [postmarginal vein
slightly shovtes (han stigmal veing ovipositor profruding
[rom posterior messo i, sheaths black with middle
thied white (Fig. 8 .. .o Eupelmns sp
Mesopleuron not greatly enlarped (Figo 4) ... 6

. Hind coxa developed as o Targe [lat dise (Fig, 93 hind

tbi with serae formimg disunct criss cooss paner, fore
wing aamow, pestmangingl vein mach longer than stigmal
vein (Fig. 9) (Elesmidae) [body dark. eguly and legs
pale except for hind coxac) Flasnius austradienyes Ghrauli
Hind coxa mol as a large fla dise (Fig, 11} hind tibial
hairs not frming Criss-cross pa(h,:rn, fore wing relauvgl»
BIOG (FRS: TEEIBYS oy v vt Woey do i ol 2524 g

. Hind tarsi S-scgmented (Fig. uo un!cmu mthuut dhlmu

funieulur segmenls and clava (Fig. 10} (Pleromalidae)
[head rpund manlerior view: basal third of fore wing
virally devord of hairs] - . Lariophagus sp.
Hind barsi 4-segmentzd (Fig, 15); antenng wilh distine
fupicular segmems and clava (Figs W 20, 21)
(Hulophidag) o . N

- Dorsal mesosama wuh Iong aloul harry (Flg l.’);

metsoma distinety petiokate (Figs 12, 13), body black
snd shiny. ... 9
If dorsal mesosoma wu.h ham lhen mosi ly rme md slum
hetasonia sessile, or peliole less conspicuous (l':g ’0).
body colour vanable | A N RS 0 8 10

- Seatellum Inm.nudm.llly mtguw with cncptmn ]

longituding medial line which is smooth (Fig, 12}, T|
of metasoma with anterior flange (Frg 12); Tees 9l black
except proximal 3 lursal sepmenis of imd and hind lees
which arewhite —.. ., .. Pedinbins sp
Scinelum with corisceous \Lulplunng (Fig. 13y; T1 of
rnetasorma withont (inge (Fig, 13); all Tegs aistal o cogae
pale in colour ., ol o Aplewrareapis sp
Funicle of anlennae Isegoented (Fig. 14) [bady metallic
green-gold ip colour. all legs distal (0 coxae white; body

aboait 2 e my lengihl o Diawdomarpha sp,
Funicle of dntenmae 2 sepgmented (Figs 20, 210 11

11 Scutellum withour submedigl groaves: submargimal vein
with 2 darsal bristles (Figs 16, 17): body less than 1 (i
wn length (Chrvsemotomyvin: Ashmead) ... {0 l
Seuteliun with submedial grooves (Figs 22,
submarginal vein with more than 2 dorsa) hm!lcu (Fu.
18): body greates than | mm in length (Ctrwsp:lm
Werlwood) | o0 W E0nc Vi 14

12 Cubital vein of fore wmg indicated b_y “ xaru:le
W Of s (Fig. 16); stigmal vein distinet and infuscare
around distal end (Fig. 16); mesosoma-and head metallic
BEOBWr =0 1 1) it o Chrysonotimvia sp. 2
Cuhital vein of & e et indicgted (Fig. 17); stigmal vein
short wnd ol infuscal (Fig. 17): mesosoma and head
non-metallic and durk in colour@hrysonaomyia sp. |

3 Clava of anlenna conlinuous wath funicular segmenty

(Fi 200 c000-e M
Clava su.pamu_d lmm lumLulql 3f.gmk’l]b hv dlqmu
canstriction between segments (Fig: 21) o

14 Stigmal vein intuscate sround distl cod, mmuimcs anly
faintly (an I18); vertex with short stoul black hairs
(K, 9y " ., sat IR
Sugmal vein without mlus«.anon dnsl.ally v«. ncx wnh only
fine pale haies [niesosoma with yellow and metallic green
markings 1Fig. 22)] . Cirmspilus oecipiis Giroult

15 Darsdl mososoma metallie green-hlue with slight vellow
markings i posterion haff (Fig. 23), surface with
rehculare sculpluring; face  with  [ransverse dark
sloips (Fige 19); pronotum shorter than scaiom
(Fig 22y Cierespilus margiscateflum (Girault)
Pronatum yellow with 3 longitudinal black bands, rest
ol mesosoma orunge with hlack markings (Fig. 24):
surface with coreacious qaulp(unnp. pronoaturn nearly
as lorg as scutum L - Cirrospils sp.

16 Metasanmi rounded in dnrs:xl wew pronatuny yellow-
wrange. rest of dorsal mesosomy orange wih black
markmgs (Fig, 26) ..., Cirrospilis sp, 8
Metasoma broadly elnngmc. punmcd posteriory,
dursal mesosont yellow with black markings (Fig.
15) B 3 Mg . Cirmspilus sp. 4

Distussion

This study confirms a number of aspeets of the
muology of & froggani first reparted by Farrell & New
(1980). as well as documenting the fecundity and
longevity of adults, and defails of its parasitoid complex
for the furst time. Previously, this insect had been
recorded only as b sporadic pest of eucalypty in the
Adelaide region and then mostly on ornamental trees
However, the sttas of P froggarti 8% an emeiging
serious pest bath in Australia and New Zealand has
increased dramarically over the Tust lew years and (s
is correlated with a corresponding expansion in native
wondlor plantings in south-eastern Australia. Indeed.
the Engineering & Water Supply Department ot Soath
Australia has rated P froggatn as one of the: most
importart pests at ity Bolivar wooadlot (pers, comim,
S. Shaw).

During this study we recorded nearly Lhree times
ihe number of parasitnid species associated with £
Sfroggani as any reported by previoos authors (Riek
1955, Farrell & New [980; Curry 198]). The size of
the parasitoid camplex in the Adelaide region, however,
is unlikely to be significantly larger than elsewhere in
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Australia. Rather. the concentration of this study on
rearing parasitoids and its longer duration hos meant
that several rarer species have been collected, Also,
the taxonomy of the groups involved is now hetter
known (see in particular Boucek 1988 and Austin &
Fanlds 1989). so that species can be more gasily ond
relighly adentified. However, the makeup of the
parasitoid complex and relative abundance of species
dues seem o differ belween regions. For instance., in
the Adelaide region Cirrospiluy sp. | was far more
abundant than 8, phvlacteopheagis, while in Melboums
the latler species was more abundant (Farrel] & New
198(), In Western Australin Curry (1981) reared six
patasioids Trom Phvlacteophaga (theee Cirrospitluy
spp., Elasties sp.. Eupeliis sp., an uanamed culophid
and Apanieles sp.) bul no Bracon, Ausiin & Finlds
(1989) bave painted out that the record of Apanteltes
Ap. mist be erroneous as members of this penus and
all microgastine braconids are endopatasioids of
lepidopteran larvae, The only major parasitoid tixan
not recorded in this study s Iseplaiides westralicnns
Girnult, o preromalid, which has been reared from £
Srogean only in Western Austrshia {Boudek 1988),
Farrell & New (1980) suspected the Cirrospilus sp
reared by them e Melbourme 1o be polyphagous amd
to use alternative hosts at different times of the vear
0 breed continupusly. Althpugh we did ol near

parasitoids from other eucalypt leal mumngs in the
Adelaide region, the tacl rhe multiple Cirrospilis
species have often been recorded from other hosts does
provide some indircer evidence that memibets of this
parasitold genus are polyphagots (pers. comm, N,
Gough, [, D. Nuaumann),

This study should provide a solid busis for more
detailed work on the ecology of B frogeain,
parlicularly the factors that influence its abundance,
means of overwintering, and the susceptibility ol its
vacalypt species. These and other lactors will be
traportant in understanding how £ frogear deyclops
as a pest and how best it can be controlled. Programs
simed at limuing the damage caused by this sawlly
Wikl need w ke into account the mortality catised by
the ahove parasitoids. In this respect [ulure research
might profitahly examine both seasonal gnd regional
ditferences in rates of parasilism and the species
involved.
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